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D and Ds hadronic branching fractions at B factories 

M. Pappagallo(on behalf of the S-iSv? Collaboration) 
University of Bari and I. N.F.N. , 70126Bari, Italy 



Recent measurements of hadronic branching fractions of D and D^ mesons, performed by the BABAR and Belle 
experiments at the asymmetric e+e~ B factories colliders PEP II and KEKB, are reviewed. 
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1. Introduction 

Hadronic branching fractions of D and Ds decays 
are used as references mode in many measurements of 
branching fractions of D and _B-meson decays as weh. 
A precise measurement of such values improves our 
knowledge of D and _B-meson properties, and of fun- 
damental parameters of the Standard Model, such as 
the magnitude of the Cabibbo-Kobayashi-Maskawa [l|] 
matrix element. 



2. Absolute branching fraction of 

D° ^ K 7r+ 

BaBAR collaboration measures the absolute branch- 
ing fraction B{D^ -^ K^tt'^Y using D" — > K^tt^ 
decays in a sample of D^ mesons preselected by their 
production in £)*+ decays, obtained with partial re- 
construction of the decay B^ -^ D*^Xi~Pe, with 
£)*+ -^ Z3°7r+ [2|. Such measurement is extremely 
important because many of the past and current D 
and B branching fraction measurements are indeed 
systematically limited by the precision of B{D'^ -^ 

K-TT+). 

A sample of partially reconstructed B mesons in 
the channel S" -^ D*^ Xt'vi is selected by retaining 
events containing a charged lepton {(, — e, /i) and a 
low momentum pion (soft pion, 7r+) which may arise 
from the decay Z?*+ -^ D^tt'^ . This sample of events 
is referred to as the "inclusive sample" . 

Using conservation of momentum and energy, the 
invariant mass squared of the undetected neutrino is 
calculated as 



Ml EE {E^^ 



E 



D* 



E^f - [pD-. + Pif 



where ^beam ^^ ^s^^i the total center-of-mass energy. 
El [Ed'), Pi {pd') are the energy and momentum 
of the lepton (the D* meson) and the magnitude of 
the B meson momentum, ps, is considered negligible 
compared to pi and po'- Figure [T] shows the M.^, dis- 
tribution and the results of a minimum x^ fit aiming 
to determine the signal and background contribution. 



The number of signal events with Ml > —2 GeV^/c^ 
results 7V'"'=i = (2170.64±3.04(stat)±18.1(syst))xl03. 
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Figure 1: The M^ distribution of the inclusive sample, for 
right-charge (a) and wrong-charge (b) samples. The data 
are represented by solid points with error. The MC fit 
results are overlaid to the data, as explained in the figure. 

The D^ -^ K^TT^ decays in the inclusive sam- 
ple are selected requiring events in the mass range 
1.82 < Mk-k < 1.91 GeV/c2 and 142.4 < AAf < 149.9 
MeV/c2 where AM = M[K-Tr+TT+)-M{K-TT+) and 
7r+ is the slow pion from 13 *+ decay. The exclusive se- 
lection yields 7V°™' = 33810±290 signal events, where 
the error is statistical only. 

The branching fraction is computed as 



S(D° ^ K-t:+) = 



N' 



cxcl 



N 



incl 



£{K-TT+)C, 



^Charge conjugation is implied through the paper. 



where eix~-n+) is the D^ reconstruction efficiency as 
computed in the simulation, and C, is the selection bias 
introduced by the partial reconstruction. 

The main systematic uncertainty on iV'"'^' and iV'^'"^' 
are respectively due to the non-peaking combinatorial 
BB background and the charged-track reconstruction 
efficiency. The complete set of systematic uncertain- 
ties is listed in Tab.]!] The absolute branching fraction 
of 13° -^ K~'K^ decay results 

B{D^ -^ K-TT+) = (4.007 ± 0.037 ± 0.070)%, 
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where the first error is statistical and the second error 
is systematic. This result is comparable in precision 
with the present world average, and it is consistent 
with it within two standard deviations. 

Table I The relative systematic errors of B{D^ -^ K^tv^). 





Source 


5{B)/B{%) 




Selection bias 


±0.35 


^incl 


Non-peaking combinatorial background 


±0.89 




Peaking combinatorial background 


±0.34 




Soft pion decays in flight 


±0.10 




Fake leptons 


±0.08 




Cascade decays 


±0.08 




Monte Carlo events shape 


±0.08 




Continuum background 


±0.05 




D** production 


±0.02 




Photon radiation 


±0.02 


^GXCI 


Tracking efficiency 


±i.00 




K~ identification 


±0.70 




_D° invariant mass 


±0.56 




Combinatorial background shape 


±0.30 




Combinatorial background normalizatior 


I ±0.16 




Soft pion decay 


±0.12 




Cabibbo-suppressed decays 


±0.10 




Photon radiation in D° decay 


±0.07 


Total 




±f.74 



3. Absolute branching fraction of 



K+K 



TT 



poor accuracy of the branching fraction 
-^ K+K-Tr+) = (5.2 ± 0.9)% ^ has been a 



The 

systematic limitation for some precise measurements. 
In particular, the recent study of the CP violation 
in i?" -^ D^*'>^Tr^ decays is restricted by the knowl- 
edge of the ratio of two amplitudes that determine 
the CP-asymmetry 0, ||]. The amplitude B° -^ 
£)(*)+7r~ can be calculated from the branching frac- 
tion of B" -^ Ds' 7r~ decays assuming factorization. 
On the other hand, the factorization hypothesis can be 

and 



tested by measuring the ratio of B^ -^ _D*^*) 
B° ^ D^*^~D+ decays. Both B{B° -^ £ii*'+7r^) and 
B{B^ —> D^*'>^Df) measurements can be improved 
with better accuracy in D+ absolute branching frac- 
tions. 

Belle collaboration measures B{Df -^ K^K^n^) 
using a partial reconstruction of the process e^e^ — > 
Dl^D~-y [y|. In this analysis 4-momentum conserva- 
tion allows to infer the 4-momentum of the undetected 
part. 



The process e~e^ -^ D*^D^^ is reconstructed using 
two different tagging procedures. The first one (de- 
noted as the D^^ tag) includes the full reconstruction 
of the D^^ meson via D^^ -^ D*K decay and observa- 
tion of the photon from D*+ -^ D'^j, while the Df is 
not reconstructed. The measured signal yield with the 
DJ^ tag is proportional to the branching fractions of 
the reconstructed D* modes. In the second procedure 
(denoted as the D*~^ tag) a full reconstruction of D*"*" 
is required through -D*^ — > Df^f and observation of 
the kaon from D^^ — > D*K, but the D* is not recon- 
structed. Since the Df meson is reconstructed in the 
channel of interest, £)+ -^ K'^K~7t~^, the signal yield 
measured with the D*"*" tag is proportional to this Df 
branching fraction. The (efficiency-corrected) ratio of 
the two measured signal yields is equal to the ratio of 
well-known D* branching fractions and the branching 
fraction of the Df : 



SiD^ 



K+R- 



^(^r) . iai«m(*) 



N{D-,) eior) 



BiD^*>),{l) 



where B{D^*^) is the product of D* branching fraction 
and those of sub-decays. 

The signal is identified by studying the mass recoil- 
ing against the reconstructed particle (or combination 
of particles) denoted as X. This recoil mass is defined 



M„ 



,{X)^^, 



CM 



E 



X 



p2 



where Ex and Px are the center-of-mass (CM) energy 
and momentum of X, respectively; Ecm is the CM 
beam energy. A peak in the Mrocoii distribution at 
the nominal mass of the recoil particle is expected. 

Since the resolution in Mj-ocoii is not enough to sepa- 
rate the relevant final states, the recoil mass difference 
AMrecoii is used to disentangle the contribution of the 
different final states: 

AM„coii(£'7i7) = MrecoiK^Ti) - M,^coil{DJ^l), 



AMrecoil(^:+i^) = Mrccoil(i?:+) - M,,,oiliD:+ K) . 



As the ratio of D^^ -^ D*^K- and D^^ -^ D*- 






branching fractions is unknown, the analysis is per- 
formed for these two channels separately. Figure [2] 
shows the AMrecoii(£'7i7) and AMi.ocoii(£'|+-?^) dis- 
tributions used for D~^ and D*+ tag procedures re- 
spectively. AAfiocoii(-D~^7) peaks at around ~ 0.14 
GeV/c2 ~ M{Dl) - M{Ds). AMrccoiiiD*+ K) peaks 
at around ~ 0.525 GeV/c^ ~ M{Dsi) - M{D*). 

Using the measured signal yields 7V(Z3*+) and 
iV(I?7i) with £)*+ and DJ^ tags, respectively, and tak- 
ing into account the efficiency ratio "^ 'j, , the Df 
absolute branching fraction is computed by Eq. [1] for 



value is B{Df 

G.4(syst))%. 



D*°K- and D 



K^ 



si 

R- 



D*-Rl. The average 
) = (4.0 ± 0.4(stat) ± 
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Figure 2: The e e 



Dg'^D^^ signal yields in bins of AMrccoiiiD^-^'y) (left) and AAIrccouiDs'^ K){right): a) for the 



D7i -* D*°K~ channel and b) for the DJ^ -^ D*~ K^ channel. 



4. Relative branching fraction of 
D° -^ K-K-7r° and D° -^ tt+tt-tt' 







The branching ratios of the singly Cabibbo- 
suppressed decays of D° meson are anomalous since 
the D^ -^ 7r~7r+ branching fraction is observed to be 
suppressed relative to the D" -^ K~K~^ by a factor of 
almost three, even though the phase space for the for- 
mer is larger. The branching ratios of the three-body 
decays [3| have larger uncertainties but do not ap- 
pear to exhibit the same suppression. This motivates 
the current study which measures the branching ratios 
of D'^ -^ 7r~7r''"7r° and K^K^tt^ with respect to the 
Cabbibo-favored decay D^ -^ K^n+n^. BaBAR col- 
laboration measures both branching ratios Q, Belle 
collaboration only the decay Z?° — > 7r~7r+7r° with re- 
spect to the decay D^ -^ K^tt^tt^ [8]. By choos- 
ing the normalization mode D'^ -^ K^tt^tt'^, many 
sources of systematic uncertainty including the tt'^ de- 
tection efficiency and uncertainty in the tracking ef- 
ficiency cancel out. To reduce combinatorial back- 
grounds, D° candidates are reconstructed in decays 
D*+ — > -D°7r+ (7r+ is a soft, low momentum charged 
pion) with D° —^ R-tt+tt^, tt-tt+tt°, and K^K+n", 
by selecting events with at least three charged tracks 
and a neutral pion. 

BaBAR obtains the following results for the branch- 
ing ratios: 



B{DO -^ K-TT+TT^) 



B{D° 



R-K+tt' 



o\ 



B{D" ^ K-tt+ttO) 



(10.59 ±0.06 ±0.13) X 10" 



= (2.37 ±0.03 ±0.04) x 10" 



while Belle obtains: 

B{D° -^ tt+tt-tt") 
B{D° -^ K-tt+ttO) 



(9.71 ±0.09 ±0.30) X 10" 



Errors are statistical and systematic, respectively. 
Figure [3] shows the resulting mass distributions. Re- 
flected K^tt'^tt'^ events peak in the lower (upper) side- 
band of m^-^+^o {rrix-K+Tr")- 

Using the world average value for the 
D'^ -^ i^r^TT+TT'^ branching fraction Q, the ab- 
solute branching ratios result: 



BABAR 



6(D° -> TT-^+TT°) 



(1.493±0.008±0.018±0.053)%, 



B{D" -^ K-K+TT°) = (0.334±0.004±0.006±0.012)%, 
Belle 



B{D° 



(1.369±0.013±0.042± 0.049)%, 



where the errors are statistical, systematic, and due 
to the uncertainty oi B{D° -^ K'-k+tt^). 

The decay rate for each process can be written as: 



d$|7Wp 



where V is the decay rate to a particular three-body 
final state, M. is the decay matrix element, and $ 
is the phase space. Integrating over the Dalitz plot 
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Figure 3: Top{BABAR collaboration): Fitted mass for the K~7v^tt'^, 7r~7r"'"7r°, and K~ K^n° data samples. Dots are data 
points and the solid curves are the fit. The dot-dashed lines show the level of combinatorial background in each case. For 
the 7r~7r"*'7r'' and the K~ K'^tt'' modes, the shaded region represents the total background. 5ottom(Belle collaboration): 
Signal M{K-K-K^) distribution fitted with 2 bifurcated Gaussians + Gaussian (signal peak) and the generic MC shape 
(background). Signal M(7r"''7r~7r") distribution, fitted to the signal MC shape for the signal peak and with the generic 
MC shape (background). 



assuming a uniform phase space density, the above 
equation can be written as: 

where (jAlp) is the average value of \Ai\'^ over 
the Dahtz plot and the three-body phase space, 
$ is proportional to the area of the Dalitz plot. 
For the three signal decays $ is in the ratio 
TT-TT+TT° : R-TT+n" : R-K+n" = 5.05 : 3.19 : 1.67. 
Combining the statistical and systematic errors, it 
results: 

babar 

{\M\^){D°^TT-Tr+Tr°' 



{\M\^){DO ^ R-tt+tt") 



{\M\^){D'^ ^R-R+n") 
{\M\^){DO ^ R-tt+ttO) 



(6.68±0.04±0.08)% (2) 



= (4.53±0.06±0.08)% (3) 



To the extent that the differences in the matrix 
elements are only due to Cabibbo-suppression at the 
quark level, the ratios of the matrix elements squared 
for singly Cabibbo-suppressed decays to that for 
the Cabibbo-favored decay should be approximately 
sin^ 9c ~ 0.05 and the ratio of the matrix elements 
squared for the two singly Cabibbo-suppressed decays 
should be unity. The deviations from this naive pic- 
ture are less than 35% for these three-body decays. In 
contrast, the corresponding ratios may be calculated 



for the two-body decays D ^ n 7r+, D 



R- 



and D'^ -^ R~R~^. Using the world average values for 
two-body branching ratios [3| , the ratios of the matrix 
elements squared for two-body Cabibbo-suppressed 
decays, corresponding to Eqs.[2H5l are, respectively, 
0.034 ± 0.001, 0.111 ± 0.002, and 3.53 ± 0.12. Thus 
the naive Cabibbo-suppression model works well 
for three-body decays but not so well for two-body 
decays. 



{\M\'^){D° ^R-R+tt") 



{\M\^){D" 
Belle 

{\M\''){D"- 



7r~7r+7r'^) 



TT 7r+7r°) 



(6.78±0.14±0.21)% (4) 



{\M\^){DO ^ R-tt+ttO) 



= (6.13±0.06±0.19)% (5) 



5. Amplitude analysis of D and D^ 
decays 

The Dalitz plot analysis is the most complete 
method of studying the dynamics of three-body charm 
decays. These decays are expected to proceed through 
intermediate quasi-two-body modes [9'] and experi- 
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Figure 4: The D^ -^ K'^K~tv^ Dalitz plot projections. The data are represented by the points with error bars; the 
solid histograms are the projections of the fit described in the text. The inset shows an expanded view of the (^(1020) 
region. 



mentally this is the observed pattern. Dalitz plot 
analyses can also provide new information on the res- 
onances that contribute to observed three-body final 
states. In this kind of analysis the complex quan- 
tum mechanical amplitude / is a coherent sum of all 
relevant c[uasi-two-body Z?" -^ {r ^ AB)C isobar 



model [10| resonances, / = J2r'^re^'^''Ar{s). Here 
s = rir^g, and A^ is the resonance amplitude. The 
isobar model is expected to fail when there are large 
and overlapping resonances. In such case the tttt S- 
wave is often parameterized through a K-matrix for- 
malism [III, [i3] ■ 

5.1. D+ -^ K+K 7r+ Dalitz plot analysis 

BaBAR collaboration reports the study of the three- 
body Df meson decays to K^ K^ 7r+ and in par- 
ticular the measurement of the branching fractions 



B(DJ^K+K-7T+) 

D+ - 



and 



r+ 



B{Dt^K+K-7r + ) 



The decay 



is frequently used in particle physics as 
the Df reference decay mode. The improvement in 
the measurements of these ratios is therefore impor- 
tant because it allows the Df — > K^ K^ 7r+ to be 
used as reference. 

A sample of 101k events with a purity of 95% is se- 
lected by a likelihood function using vertex separation 
and p* , the momentum of £)+ in CM system. A 66% 
of this final sample consists of D'^ 's originating from 
L'*(2112)+ ^ L)+7 decay where the variable 

Am = m{K+K-n+-/) ~ m{K+K-7r+) 

is required to be within ±2a of the PDG value Q- 

The selection efficiency is determined from a sam- 
ple of Monte-Carlo events in which the Df decay is 
generated according to phase-space. 

An unbinned maximum likelihood fit is performed 
in order to use the distribution of events in the Dalitz 



plot to determine the relative amplitudes and phases 
of intermediate resonant and non-resonant states. 

The best fit results showing fractions, are summa- 
rized in Tab. |TT1 The decay results to be dominated 
by K*{892) and (p. Their branching ratio are: 



B{Dt -^ K+K-TT+) 



= 0.379 ±0.002 ±0.018 



and 



B{D+ -^ K*{892fK+) 



B[Di 



K+K- 



-) 



0.487 ±0.002 ±0.016 



where errors are statistic and systematic respectively. 
These measurements are much more precise than the 
previous ones, based on a Dalitz plot analysis of only 
700 events [li]. 

A /o(890) contribution is large but it is affected by 
large systematic errors as well due to uncertainness 
on /o(980) and /o(1370) parameters. The Dalitz plot 
projections together with the fit results are shown in 
Fig. 12 



Table 11 Fit fractions of a Dalitz plot fit of Dj" -^ 
K^ K~-K^ decay. Errors are statistical and systematic re- 



spectively. 



Decay Mode Decay fraction(%) 



J?*(892)°A'+ 

(^(1020)7r+ 

/o(980)7r+ 

i?o(1430)°is:^ 

/o(1710)7r+ 

/o(1370)7r+ 

/2(1270)7r+ 



48.7 ± 0.2 ±1.6 

37.9 ± 0.2 ±1.8 

35 ± 1 ±14 

2.0 ± 0.2 ±3.3 

2.0± 0.1 ±1.0 

6.3± 0.6 ±4.8 

0.17 ±0.05 ±0.3 

0.18 ±0.03 ±0.4 
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Figure 5: Squared invariant mass projections of D —^ K K^tv Dalitz plot. The dots (with error bars, black) are data 
points and the solid lines (blue) correspond to the isobar fit model. 



Further tests of the fit quality are performed us- 
ing unnormalized Y^ moment projections onto the 
K~^K~ and K~tt~^ axis as functions of the helicity 
angles 9k and 0^. For K^K^, the angle 9k is defined 
as the angle between the K^ for Df (or K~^ for D~) 
in the K^K~ rest frame and the K^K~ direction in 
the D'^ rest frame. The K^K~ mass distribution is 
then modified by weighting by the spherical harmonic 
^^(cosfl/f) (L=l-4). A similar procedure is followed 
for the A'^7r+ system. The resulting (^1^) distribu- 
tions are shown in Fig. [Sj 




m(K* K") (GeV/c") 



m(K"7l*) (GeV/c-) 



Figure 6: The unnormalized spherical harmonic moments 
(Yi\ as a function of K^ K~ and K~-k'^ effective masses. 
The data are presented with error bars, the solid his- 
tograms represents the fit projections. 



In order to interpret these distributions, one should 
recall the relationship between (Y^) moments and S- 
and P-wave amplitudes jl4| : 



47r(Yi")=2|5||P|cos05P 



(6) 



Here 5 and P are proportional to the size of the 5- 
and P-wave contributions and (psp is their relative 
phase. So (^1°) results to be related to the S-P in- 
terference. Due to the presence of strong reflections 
on the K~^K~ channel from the K~tt^ channel (and 
vice versa), Eq. [B]is meaningful only in the threshold 
regions. Figure [HI shows a large activity in the low 
K~^K^ mass distribution, suggesting the presence of 



a large S-wa.ve contribution below the (/)(1020). The 
(Y]°) distribution along the K~Tr~^ projection, on the 
other hand, has a very small activity in the K*{892)'^, 
suggesting a small Kt: S-wave contribution. 



5.2. D° ^ K+K 



-7r° 



Dalitz plot analysis 



The K^n^ systems [T5[ from the decay D*^ — > 
K^ K^n'^can provide information on the Kir S-wave 
amplitude in the mass range 0.6-1.4 GeV/c^, and 
hence on the possible existence of the k(800), reported 
to date only in the neutral state (k° —^ K^n'^) |16l |. 
If the K has isospin 1/2, it should be observable also 
in the charged states. Results of the present analysis 
can also be an input for extracting the CP-violating 
phase 7 [l3,l3- 

D'^ from D° are identified by reconstructing the 
decays D*+ -^ D"n+ and D*' -^ Wit' . The sig- 
nal efficiency is estimated for each event as a func- 
tion of its position in the Dalitz plot using simulated 
I?" -^ K~K'^TT^ events from cc decays, generated uni- 
formly in the available phase space. 

For _D" decays to K^n'^ S-wave states, three am- 
plitude models are considered: the LASS amplitude 
for K~7r^ -^ K~TT~^ elastic scattering 1^, the E- 
791 results for the K^tt^ S-wave amplitude from an 
energy-independent partial- wave analysis in the decay 
D~^ — > K~Tr~^iT^ [20| and a coherent sum of a uni- 
form nonresonant term, and Breit-Wigner terms for 
the k(800) and ^0(1430) resonances. 

The results of an unbinned maximum likelihood 
are shown in Fig. [5] While the measured fit frac- 
tion(Tab. |TTT} for D° -^ K*+K- agrees well with 
a phenomcnological prediction [2l| based on a large 
SU(3) symmetry breaking, the corresponding results 
for D^ -^ K*~ K^ and the color-suppressed D^ — > 
07r" decays differ significantly from the predicted val- 
ues. The Kt: S-wave amplitude is consistent with 
that from the LASS analysis, throughout the available 
mass range. The K^ K^ S-wave amplitude, parame- 
terized as either /o(980) or 00(980)", is required. No 
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Figure 7; Dalitz plot distribution and the projections for data (points with error bars) and the fit result (curve) 
nij- corresponds to m^ {Kgir ) for Z?" decays and to m^lKg-rr^) for D'^ decays(Belle collaboration). 



Here, 



higher mass /o states are found to contribute signifi- 
cantly. 



Table III The resuhs obtained from the D° ^ R-K+n^ 
Dalitz plot fit. The errors are statistical and systematic, 
respectively. The ao(980) contribution, when it is included 
in place of the /o(980), is shown in square brackets. LASS 
amplitude is used to describe the Ktv S-w&ve states. 



State 



Decay fraction ( 



7^* (892) + 

isT* (1410)+ 

K+n°{S) 

(/>(1020) 

/o(980) 

[ao(980)°] 

/^(1525) 

_ft:*(892)- 

A'*(1410)- 



45.2 ±0.8 ±0.6 
3.7± 1.1 ±1.1 

16.3 ±3.4 ±2.1 
19.3 ±0.6 ±0.4 

6.7± 1.4 ±1.2 
[6.0 ± 1.8 ±1.2] 
0.08 ±0.04± 0.05 
16.0 ±0.8 ±0.6 
4.8± 1.8 ±1.2 
2.7± 1.4 ±0.8 



Neglecting CP violation, the strong phase dif- 
ference, 6d, between the Z3° and D'^ decays to 
K*{892)'^K^ state and their amphtude ratio, ru, are 
given by 



roe 



Odo^K' + K- 



-) 



BABAR finds 5d = -35.5° ± 1.9° (stat) ±2.2° (syst) 
and ro = 0.599 ± 0.013 (stat) ± 0.011 (syst). These 
results are consistent with the previous measure- 
ments [23], Sd = -28° ± 8° (stat) ±11° (syst) and 
ro = 0.52 ± 0.05 (stat) ± 0.04 (syst). 

5.3. D° -^ Kgyr+TT DaMtz plot analysis 

Recently, evidence for D^-D^ mixing has been 
found in £>" -^ K+K-/tt+tt- [H and D° -^ 



K^TT~ [23] decays. It is important to measure D^-D^ 
mixing in other decay modes and to search for CP- 
violating effects in order to determine whether physics 
contributions outside the SM are present. Belle [23] 
collaboration reports a measurement of D^-D^ mix- 
ing studying D^ -^ Kg7T~^Tr~ decay. The relevance 
of this decay is enhanced by its role in determin- 
ing the angle 7 = arg[-V^^V*jV^aV;^] of the Uni- 
tarity Triangle. In fact, various methods (28| have 
been proposed to extract 7 using B~ -^ D^K~ de- 
cays, all exploiting the interference between the color 
allowed i?~ — > D^K~ (ex Vcb) and the color sup- 
pressed B^ — > D^K^ (ex Vub) transitions, when the 
Z?" and D^ are reconstructed in a common final state. 
The symbol D^ indicates either a Z?° or a D^ me- 
son. Among the Z?" decay modes studied so far the 



7r+ channel is the one with the highest sensi- 



tivity to 7 because of the best overall combination of 
branching ratio magnitude, D" — D" interference and 
background level. BABAR collaboration reports a mea- 
surement of the angle 7 by studying the Dalitz plot of 
D'^ -^ A'^7r+7r~ [23] • In order to estimate the system- 
atic errors due to model, BABAR reports a Dalitz plot 
analysis where the tttt 5'-wave is parameterized by a 
K-matrix model 1261. 



The results of these analyses are summarized in 
Tab. HYI The decay is dominated by the K*{S'd2)- 
and p(770) contribution. In order to improve the 
quality of fits, doubly Cabibbo suppressed K* con- 
tributions and two Breit-Wigner amplitudes txi and 
(72 (whose masses and widths are float parameters) 
are included, cri and cr2 take in account the poor 
knowledge of S-wave in the low mass spectrum and 
/o(980) parameters. The K-matrix model overcomes 
this problem describing the tttt S'-wave at all. 

Figure [7] shows the results of unbinned maximum 
likelihood fit performed by Belle [2^. 
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Table IV Summary of branching ratios of D" —* Kg-jr^iv' 
Dalitz plot fits performed by Belle(Isobar Model) and 
BABAR(lsobar and K-matrix Model). 
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Isobar Model 


Isobar Model K-matrix Model 


State 


Fit Fraction(%) 


;i'*(892)- 


62.27 


58.1 58.9 


A-o*(1430)- 


7.24 


6.7 9.1 
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1.33 


3.6 3.1 


K*{UW)~ 


0.48 


0.1 0.2 


A'*(1680)- 


0.02 


0.6 1.4 


^-•(892)+ 


0.54 


0.5 0.7 


A'o*(1430)+ 


0.47 


0.0 0.2 


7^2* (1430)+ 


0.13 


0.1 0.0 


K*{U10)+ 


0.13 


— — 


A'*(1680)+ 


0.04 


— — 


p(770) 


21.11 


21.6 22.3 


cj(782) 


0.63 


0.7 0.6 


/2(1270) 


1.8 


2.1 2.7 


p(1450) 


0.24 


0.1 0.3 


/o(980) 


4.52 


6.4 


/o(1370) 


1.62 


2.0 S-wave 


(Tl 


9.14 


7.6 16.2 


0-2 


0.88 


0.9 


NR 


6.15 


8.5 
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